Abstract-The influence of finite sample size effects and structural defects on the ground state of Er 3+ in diluted Ag:Er alloys is studied. The choused metallic systems were, nanoparticles (5-10 nm) of the alloy Ag 1−x Er x (x = 0.04) and the bulk alloy of Ag 1−x Er x (x = 0.001) which was used as a reference. The Ag:Er alloy nanoparticles were prepared by chemical synthesis that gives an excellent morphological and crystalline homogeneity and the bulk alloy of Ag:Er by a conventional arc-melting. The nanoparticles resonant microwave absorption (Electron Spin Resonance) at X (9.5 GHz)-band of Er 3+ obtained at low-T (4-20 K) show a T -independent g-value of 6.74(4) and linewidth of 50 (5) Oe. However, above T ≈ 20 K an exponential Tdependence of the linewidth is observed. A preliminary interpretation of these results suggests that: i) the exchange interaction, J f s S.s, between the Er 3+ localized magnetic moment and the host's conduction-electrons has been quenched; and ii) at high-T the spin-lattice relaxation is mainly due to the spin-orbit coupling via lattice phonons involving Er 3+ crystal field exited levels.
INTRODUCTION
The study of surface, finite size effects and structural defects in nanoparticles (NPs) is today a subject of growing interest in nanoscience from both, academic and technological point of view [1] . Despite the large number of investigations, still there are many open questions about the surface and size influence on the general properties of metallic NPs. In particular, metallic Ag and Au systems in the nanoscale regime show striking features that are not observed in the bulk counterparts, as in the case of the ferromagnetism reported in Au NPs coated by protective agents as dodecane thiol [2] . Resonant microwave absorption, as Electron Spin Resonance (ESR) of doping rare-earths (RE) ions, is a powerful technique because it may provide information about crystal field (CF) effects, RE ground state, site symmetry, valence of the paramagnetic ions, g-value, fine and hyperfine interaction, in a wide variety of doped magnetic and non-magnetic compounds [3] [4] [5] . Moreover, the ESR spectra of the magnetic doping ions allow not only to learn about the doping ion, but also about the properties of the host lattice. In this work, we present an ESR study of the ground state of Er 3+ diluted in bulk and NPs Ag hosts.
SAMPLE PREPARATION & EXPERIMENTAL TECHNIQUES
The bulk dilute alloys of Ag 1−x Er x (x = 0.001%) were prepared by arc-melting the amount of elements in the appropriated stoichiometric ratio under inert Ar atmosphere as reported elsewhere [4, 5] . These samples were labeled as bulk. The nanoparticles of dilute alloy of Ag 1−x Er x (x = 0.04%) were synthesized by chemical route adapting the procedure described by Tang et al. [6] . Firstly, the Ag-metallic precursor (C 54 H 45 NO 3 P 3 Ag) was prepared from the stoichiometric amount of silver nitrate (1.1 mmol) and triphenylphosphine (3 mmol), mixed in 10 mL of warm acetonitrile. After heated at 80 • C in inert atmosphere for 3 hs a white powder is obtained. Thereafter, 10 mmol of oleyamine and 10 mmol of oleic acid were slowly added to the phenylehter solution of Ag-metallic precursor with 0.04 mmol of Er(CF 3 COO) 3 . The above mixture was gently heated up to the final temperature of 225 • C for 40 min under Ar gas flux. Finally, the solution was cooled down to room-T . The colloidal nanoparticles were washed and centrifuged after adding excess of ethanol. The particles can be easily dispersed in non-polar solvents such as toluene or chloroform. These samples were labeled as NPs. The particle diameters and distribution were measured by Transmission Electron Microscopy (TEM) (300 keV JEM 3010 microscope) at the Brazilian Synchrotron Light Laboratory (LNLS). The X-ray diffraction (XRD) patterns were measured using Synchrotron radiation (λ = 1.78922Å) at the beam-line XRD2 (LNLS). The magnetic properties were measured with a SQUID (Quantum Design, MPMS XL) dc-magnetometer. The ESR experiments were carried out in colloidal (NPs in toluene) and bulk (powdered) samples in a Bruker spectrometer at 9.48 GHz (X-band), using appropriate resonators coupled to a T -controller of a helium gas flux system in the range 4.2 K < T < 300 K. and XRD are used to obtain the structural information of the Ag:Er NPs. The HRTEM images show that the internal structure of the particles corresponds to multiple crystalline domains, as it is clearly indicated by the different atomic lattice fringes inside of the particles (see Fig. 1(b) . Fig. 1(d) presents the NPs and bulk XRD patterns intensity as a function of the modulus of the scattering vector, s = 2 sin θ/λ = 1/d (d is the interplanar distance, θ is one-half of the scattering angle and λ is the incident wavelength). The principal peaks at s = 0.42 and 0.48Å are indexed as (111) and (200)-Ag, respectively. The existence of structural defects, namely, twins and stacking faults, are observed in the XRD pattern where the small peaks at s = 0.40 and 0.45Å may be used as fingerprints for the presence of defects in the particles [7] . We should mention that these peaks are not observed in the Ag:Er bulk sample, where only the principal Ag peaks are observed (see Fig. 1(d) . Using the Scherrer formula [8] we have determined the crystalline size for the NPs (7(1) nm) and bulk (≈ 100 nm) samples, respectively. For the NPs sample this value is in good agreement with the HRTEM images in which the polycrystalline particle structure is observed.
As it is expected for weakly interacting magnetic Er 3+ ions the T -dependence of the dc-magnetic susceptibility follows a Curie-Weiss law (not shown) in both Ag 1−x Er x alloys, bulk and NPs samples, from where the values of x = 0.001 and 0.04 were respectively determined. Figure 2 shows the Er 3+ X-band ESR spectrum at T = 4.2 K for both NPs and bulk samples. The differences between both resonances is evident. The spectrum of the bulk sample show the typical Dysonian line-shape (skin depth sample size) [9] [10] with a weakly resolved hyperfine splitting of the Er 3+ resonance, commonly expected for Ag:Er alloys with concentrations of the order of 1000 ppm. The g-value of 6.85(5) is found to be T -independent between 4.2 K and 12 K (see Fig. 3(a) ) and the T -dependence of the Er 3+ resonance intensity follows approximately the CurieWeiss behavior (inset of Fig. 2 , open circles), indicating that the resonance arise from a Γ 7 Kramers doublet ground state of the Er 3+ cubic CF splitted J-multiplet (J = 15/2), in good agreement with previous reported results of Ag:Er alloys [4, 5] . In the counterpart, the Er 3+ resonance in the NPs shows a Lorentzian line-shape (skin depth sample size) [9] [10] with the typical resolved hyperfine structure corresponding to the 166 Er 3+ (I = 0) and 167 Er 3+ (I = 7/2) isotopes [4, 5] . The shortvertical lines in Fig. 2 indicate the positions of the hyperfine lines corresponding to the 167 Er 3+ isotope hyperfine parameter of A = 75(5) Oe, in good agreement with the value reported for the Ag:Er alloy [4] . The measured g-value was found to be T -independent between 4.2 K and 36 K (see Fig. 3(a) ). However, its value of 6.74(4) is close to that reported for Er 3+ in the insulating ThO 2 host [11] . This g-value leads to a g-shift of ∆g = (6.85 − 6.74) ≈ 0.11 between our Ag:Er bulk and NPs samples. This value is about the same of the g-shift usually found for diluted Er 3+ in non-magnetic metallic hosts and is attributed to the exchange interaction between Er 3+ and conduction-electrons, J f s S.s, which seems to be absent in our Ag:Er NPs. The T -dependence of the Er 3+ resonance intensity follows approximately the Curie-Weiss behavior (inset of Fig. 2 , solid circles), indicating that a Γ 7 Kramers doublet is also the Er 3+ ground state in our Ag:Er NPs. Figure 3(b) shows the T -dependence of the linewidth, ∆H, at X-band for both samples. These results show that: i) for the bulk sample, between 4.2 K and 12 K ∆H follows a linear T -dependence, ∆H = a + bT (Korringa-relaxation), with b = d∆H/dT = 7.9(2) Oe/K, in agreement with previous reports [5] ; ii) for the NPs sample, between 4.2 K and 18 K, the linear T -term (Korringa relaxation) was totally absent; and iii) for the NPs sample above T ≈ 20 K an exponential increase of ∆H his observed. Assuming that the line broadening results from a phonon spin-lattice relaxation process involving excited CF levels the T -dependence of the linewidth can be written as: [12] [13] 
where ∆H 0 is the residual linewidth (T → 0), c is a constant, k B the Boltzmann constant and ∆ is the energy separation between the ground and first CF excited state. From the fitting of the experimental ∆H to Eq. (1), we obtain ∆H 0 = 50(4) Oe, c = 0.00027(3) Oe/K 3 , and ∆ = 173(15) K. Notice that this ∆ value is approximately five times bigger than the reported value of ≈ 35 K for the Ag:Er bulk alloy [5] . Thus, our results indicate that the effective crystal field environment around the Er 3+ ions is strongly affected by the finite size of the NPs.
CONCLUSION
In summary, in this work we have shown strong experimental evidences for the existence of finite size effects on some of the ground state properties of Er 3+ ions diluted in Ag host NPs. The local field (absence of g-shift) and spin-lattice relaxation (absence of Korringa-relaxation) due to the Ag conduction-electrons, and the effective crystal field environment were seriously affected. These results suggest that the exchange interaction, J f s S.s, between the spin, S, of the Er 3+ localized 4f magnetic moments and the spins of the conduction-electrons, s, have suffered a serious quenched. Thus, a subtle interplay between the boundary conditions and the crystalline defects, naturally imposed by the finite size of the NPs, may strongly modify the electronic density of state at the Fermi level of the Ag host and, in turn, the static and dynamic properties of the Er 3+ ground state in these Ag NPs. Besides, the crystalline structure of the Ag:Er NPs was observed to have many defects which may also influence their magnetic properties. Further experiments and theoretical models in other metallic NPs will certainly contribute to clarify if our results may be attributed to the confinement of the host's conduction-electrons leading to the observation of the onset of quantum size effects. Moreover, we believe that above observed features probably make the Ag:Er NPs suitable for potential applications in Ag:Er NPs doped quartz fibers for optical devises.
